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The reacquisition of staphylococci by treated 
carriers: A demonstration off bacterial Interference 



U. IMHHKM. MAKTIN H.-l A H T H K U W II 1 T K ln.lia.,.,,.,n.. Ind. 



,r..«t..l •o,.i..,.llv «i.h a ,.1H-.'»K.. ly.«.ta,.!.in. «r p-.tamMMn. ( .•ntnn.M-m mark.Ml > 
r..lu....l .•arri.T for .•«aKulH«..,.«.itiv.. .(apl.yl.N.H.rl. ..oaKulH«M.a'Rtiv.. nta 
|.H..H.,.i. .Ii,.l.tlu.r»i.U. I,VH«stt.,.ln.. ..urri..r rat.-, only for r««Bul«.-«- 

r .iv.. .,«,.l.vlL...i. «'arri..r. ui.h lar«o nun.UT. of ..oa«ula«..n.vat.x^ s.«,.hlo.oo... 

„ifl..„.., V fn^u..n.ly affr ly.o.,,«pl.i.. tr..atnMM.t than «f .t K.-atamu: n tr « • 
1,. Carri.-r. «m. .n^.M ..un.UT. of ..o«uuIa..-n.^'a.iv.. Mnphy «.■..... ; j 
,..Ms ..for,. .r..a,n...n. r.-n.-quir..! roa«..h...,..siti«. MapLylo-occ. ".ore rap 11, and 
„, .inr.lar r..t,.. in l-.tl. ly«>Mapl,in an.l p..,.t«minn-tr.«t«l pntn-nt, Tl.u« tho 
M^Z in vivo a..tivi.y of ly....tapl.i« jH-nai....! .l..n.on.tr«tion of ho role of 
Tm • ial in..rf.r,..uM. in patient, with lar^o numU-r. of n^-i. »al d.p horcU an. 

l«ula..-n-K..tiv« s,aphy1.H..K..i. Maxin.al v(t..iiu'u... in tr-afaB oarru-r. roqa.rcl 
iZI; !«.l.v,il; ly^iH of ;oap.l«^-|H..itiv.. st«phy1.H..H-.i an.l th.- pn->M-n.e of larK« 

niinilM f!* of otli. r Im. ti-riii lief, r." tr.mtnii'ni. 



vs.«tapirm is an enzymo is«.Iat.Hl fn.m a nonpathcuonic strum ol staphy- 
I,K.,K...iis wliioh soln-1iv..ly lyscs p..lyplynne brulRos found almost exclusively in 
walls of c.oatrulas...positivc staphyhK-occi.- Since similar linknpos are rare y 
„irs,.nt in cell walls of other mier.H,ipnnisins, lysostaphm is hiplily seloctnc in 
its activity apainst coapulascpmitivc staphyloc-occi in vitro' ' and m cxpcri- 

mental animals."- • . :..„♦ 

In previous studies. Ivsostaphin was liiplily specific m its activity against 
aureus in nasal carriers." Durinp treatment with topical Ij-sostaphin, coaffulase- 
p.,sitive staphylococci were quickly an.l s..lcctively cleared from nasal cultures 
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with onlv sliuhl offvvi on coamihiso-nofrativc staphyhjctKTi niid diphthoroHlH. 
Suhj(M-tH*wlio hiHl larjri r tuuiilioi^ of Hm>nila«c.noK"tivc HtaphylcK-m'fi and dipli- 
thcroitlH i^niainiiip in tlio mno aftor troatinoiit roai-quiml coapulaw-iioHitivo 
sta|>liyl(M-(HTi sijrnifiniiitly \vkh frvcpiontly than sul)jrctH with sniaUor numlHn>* 
of n^Hiilual oruanisnis. 

In the pn»s<'nt stmly, thm* randomly Hch'cted ^rroups of nasal rarricM-s of 
.V. minus woro tn^atrd topically with a pIaH*l)o, lysostaphin, or trontaniirin. 
IJentamicin inarkcMlly n^duord carrier rat(^ for eoapnilase-positive Htaphyloeocei, 
i-oa>riilas«»-ne^ative Htaphyloe<M-ei, and dipthemids. liysostaphin retlueed earner 
rat<»s only for 4oa>ruIase-positive Htaphyloe<M'ei. Selective lysis by lysostaphin 
was more effn tive than less speeifie treatment with frenlamlein only in patients 
with larjre niimheis of otiier baeteria in nasiil eiiltnres before treatment. 

Methods 

Hul»j<M tj* in thiM Htutly \vt»r<» uiviVunX Minlontn. Iiouw' offirors, and fnoulty of flu* MiMlirnI 
VMiXv of <;i»orKiu. All Hul»jn ts liad at Umih! ihuH* ronwH-iituc ]Ki»itivc rultur*»s for coiiKulaw- 
|.oj*itivo Hl:iiihvhH.<HM.i ihirinu tli.. 2 nvt-kn In^foro troatmi^nt. Sul»j.H-tH nvn» KHMiuiuHl l.y ran.loni 
siOertion to \h> tn atnl with a |»larel»o holution/ lysoMta|.liin Holution.* or urntaniirin ointmrnt. 
Tho IvHostaphin HuUitum «'ontain*Ml 0.5 \H^r rnit IvMostaphin in a oitrato hiifTor. Tli*' )»Ir<m»Ih» 
rontai'niKl l.ufTiT without IvHontaphin an.l uiMitamioin wn!» .linponHo*! at a concentration of 1 
n»u. of K<'"tft»»'" »n ^^n*^- I"*'' J?^""* i»otrolntum ointment. Treatment was ap|»li.Hl three tlm.>« 
a day for 7 dnvs. Quantitative nnsjil rultun-s^' were obtained on the first to the fourth day of 
treatment, fifth to the M*»%enth .lay of treatment, the first day after treatment, at weekly 
interx-aU for one month, and monthly for 4 months after tlierapy. Over Oft per cent of the 
i»lann<Hl cultures were ol»taineil from all subjivts durini; treatment and for the first 2 months 
after therapy. Ninetv-five per cent of the eultun»s wi^re obtain.nl a months after therapy was 
discontinued," and 89* per «^ cultures were ohtainwl 4 months after therapy waa com- 
plettHl. A single t.vhnieian |M.rformed the quantitative cultures, and the treatment regimens 
were known only afti-r the study was r«mipletiH|. 

Propajration <.f phajrrs and pha^e typing were l.y methods des« ri1>ed previously.io 
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Results 

Tlim. niniloinlv schH-LHl irroups «f iK-i^isH-ut S..aumi>, nnnnl ciirrioi-s woi-o 
„v«t...l with inlniiias,,! lys»Ht..i.l.in. 5ntian«s«.l pcntniniriii, or a p «.m.1h, soIutH.n 
TIU..V wnr no . iirniHcant diffnH.m...s i„ tl,o thm- p.«ti,.s .n tl.o 
«.oi.KulaHO.posiriv.. stapbyUK.<K.H, ,.<.aBiiIase.M(.pitivo staphyl.K..H.(.|. or ,liptlu roHl« 
is.»lat«'«l fr«iin tin- noso liefoi-p tInMKpy, 

In tlu' pationts tr.'«t<.«l with tin- plac-ln. s,.lution. tlio nirrur ra1.-s foi. 
,.,„,unilas,..positivi. slapl.yl.KHK-ci. .•oapuIa>«-n.T«tive stapl.yl.H.(H...i. «"« «1'P 
,„i.ls wHv !K) per cont or trroati'r heforo. .lurinp. an.l after tlu-rapy (Tabic 1). 

During thorapv with lyH<«taphin. the carrior ratt-n for ..<M.^nihis..-p»»'1'V' 
st«pl,vhK-.KH i f. li to !» p.r rout. Foll<»winp tmitniont with lysc^taphm. the .■amor 
,...,.'s'for co«PuI«s,..p<.Hitivo HtaphyhH.,H.ci Rradually roso, but they mna.nod 
si.mili«.ntlv hmor than th. .-arrior rates for the plaeelni Rronp dnnnp the 4 
,n:.ntli o1»s<:natio« peri.Kl. The carrier rates for eo«m.l««.-neBat.vc staphylcK-oce. 
,„„, ,liphtheroi,ls wen. 100 per eent In-fore tl.en.py ni»l "«» <*«'H"f.-" •^"••'"K 

„i- Jitter ireiitnient with intranasallysostaphin. 

Tl,e earrier rat.-H f<.r all thr.-c tyi>.'s of baeteria deeroas,Ml (luniiB treatment 
uiti, .rentan.iein. The earrier rati^ for e<,a«nh.se-positive st«phyl«e.»ce. rose nu.re 
s|.,wlv but the rates one month after .liseontinuntion of thcnipy were not sip- 
„ilu.an*tlv <lifrerent either f.-.HU the earrier rates lK.fo.-e therapy or.fn.n. tlu' 
. arrier rates f<n- patients treatisl with i)lacelH. solution. 

The nun.bcM of N. aureus, S. alhus. an.l ,liphthen.hls in positive cultun^s did 
;.,.a„,.e sipnilieantly .luring or after plaeeln, therapy fmn, the numlK-rs 

-^^^ mulers of .-.oapulase-positive staphyloecn-ei isolate,! f...n, pos.tn. eul- 
„„...H of patients tivafnl with lys,«tnphin fell fron. a mean lop of ;..2 l«fore 
,. .nx- t , a n,ean lop of 3.2 a to 7 days after therapy was started. The numln^rs 
ta h i i-la'ed fron, the positive cultures n.piaiy -turnnl to pretn..t; 

„:„ ,.;els one week aft.-r ,lis,.ontinu«ti.m of therapy. There was a sl.pht .le- 
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,|iphtlH..-oias at eiMl of trvatinont with lysostaiphm or pntaininn 
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..TMs. ill nutuhrrs of N. «//m/.. and .liphth.rouls isolatt.l fmin rarri.iN of tlu's,* 

v^r:;.-. m... ..... ..„.„„».,.»i.iv.. .»pv. 

ri.ulas'/n..ativ. ^ cliphtlion>ids isolate! from pa- 

• w u n^^^^^^ of tlHSo oirnnisms fell rapidly. I ow.v.r, the num. 

SON unnm. S. Mn^. «nd dipthon>idH is.>Iat..l from carrim did not differ 

tin- lii-st wvek following tivatm.'Ut. , ■ . ..i^-UI, 

\ino Hubj.'cts tivatHl with lys..sta,.hi., h,.t only one su .joot t.v«ttHl w.th 
,ont icin uul nun. than mm N. nlUn. an<l . i,>tI,orouls nt ho em 
th apv tho .vinaininK :V2 suhj^.ts tn-atnl with thoso drups had le^ than 
The 10 suhiocts with h.rp'r •>""'»>^''-h of n-uU.al organisms follow.ng 
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„v«lnu-.,t n..uquiml c«;.^ul««.-iH.Hitiv.. staphvLH-mri slowly «... Hi^mtxcmWy 

, , lositivo sta,.bvbH..K.ei in pntionis trnmnl only w.th lys<.sta,.hn . 
"'"^L nunOH.; of aiphthn.i<ls and of 

..iKiniriMl .mlv sH^htlv .lurintr therapy with lyscwtaphtn. Thtiofoiv tin ir 
. W1 o »V oo»^mh;s,..p..sitiv.. staphyh..<Ku.i was also hss rapi.l in tlH,so sub- 
' V hml nt ...iHM-s of ..oa«»h,s.-n.p.tiv. .st«phyIcH.<K.o, and .hph- 

.id J I 2 " .nt than in tl.o«. sub>..tH who ha.l small mnnl... .H 
sus b.fo,v tm.tn.ont (Tabb^ IV). Ib.wovor. t h. "".nbors of ^ 
, . an. ' liphthoroi.lH isob,tc.l fnnn patients tmitod with ^.-ntanncn t.ll 

.llhi'Vstaphyloc.K.ci by those two .roups of treated p«t.cnt.s. 



7!M> ,I/«»/tM ami W'hilt 



I. LjI-.I. Clin. Mnl. 
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I'nlmitiiHiit. Htaii!ivl(M'(M-<'iil iwdiilt-H fn»m m-li sulgi-i-t wen? plmpo tyfuMl 
hikI (Mimpari'd witli vhm' typt-H of isolnlrM fniin Hul)j«H'tH w1h» wibHO(pu'Htly hH«l 
\hm\\\\v cnHuii's for .v. »ii/rrn«. I'(wttn'Htnu'Ht isolntos wnv of llu- witno phajro 
lyp.. as til.- initial strains, with tlio .'xcrption (»f isolates from one peiitainicin 
treatetl suhjeet. 

Diicutsien 

In the present stiulii-s. si-leetive treatment of N. tiuirus nasal earriers with 
lymiHtaphin was eompar«-«l with treatment with jjentamiein. whieh is aetive 
in vivo against eoajnilase-positive staphyhsMM'ei and other liaeteria fre<|uently 
isohiteil fnmi nasal eiiltui-es. S. alhus. an<1 «Uplitheroi(ls. Treatment with 
pMitaiiiieiii niliiee.! earrier rates for all three Krou|»s of ortranisnis but livat- 
meiit with lysostjii.hin n'iluee<l ejirrier rales only for eoauulase.p«.»sitive staphy- 
loeoeci, 

Tlic seleetive in vivo aetivity of lysostapinn permitted demonstration of 
the role of haeterial interfereneo in std».jeets with lar»re ntindiers of residual 
diphtlieiH»i.ls and eoa^^^dase-ne^'ativc staphyhio(M'ei. Carriers with larwo numbers 
of eoanulas^'-neKative stapbyhteoeei and diphtheroids Iwlore treatment ro- 
aequiird eoanulase-positive staphyloeoeei siKnifleantly less fre<|uenlly follow- 
lys.wtn|»hii' treatment than foll.iwinjr jjentatniein treatment. However, 
eairiei-s with small nuitd)ers »(f eoairulase-nejrative staphyloeoeei and diphther- 
oids before treatnient reaecpiire*! e<»aKulase.positivc staphyl(M-«»epi more nipidly 
and at. similar rates in subjeets treated with ly.sostaidiiu and iti sulueets treate<l 
with jrentamiein. Tlieref.»re. maximal effeetivcness in treatinjr earriers requiml 
both seleetive lysis of <'oa»rulase-p«»sitive staphyloeoeei an<l tbe pres»'nce of 
larjte numlMM-s of other baeteria in the n«we lM>fore treatment. 

Several studies biive dem(mst rateil that one baeterial strain can interfere 
with the growth of other strains. Nasal incwulation with a sta|)hyloe<M'eal strain 
of low virulenee prevented stil»se(|Uent eolonization with other eoaj?ulase-posi- 
tivir staphyloeoeei."-"' Also inoculation of experimental burns with avirulcnt 
staphyloooi-ei prevented infection with wovk virulent staph.vlocoeei.'" The phe- 
nomeiiou of baeterial interferenee is not limited to eoajrulasc-positive staphy- 
loeoeei since stiulii's by Kibble and Shijiefield" and by JleCabe"" have denum- 
st rated that all strains of eoajrulase-positive staphylococci and coatrulase-nepi- 
tive staph.vlocm'ci that, were relatively avirulcnt for embryonatwl ejfjrs afforded 
protecti«in apiinst subs«'MUeut cliallense with virtilent stapliylo«)cci, Diphro,- 
cus pne.uvwniac, Salmonella Im'hvnurium, Escherichia coli, Vroiem mirahitis, 
and influenze virus. In the present stud.v, larjje ni;.n^«J-a of other nnsjil bacteria 
at tbe eiul (tf therapy with lysostapinn i)n'vented siibscnpient reae(|uisition of 
coapulasc-positivo staphylococci. 

The mechanism by which one baeterial strain interferes with the growth 
of another has not been established. Studies in vitro liav«' shown that depletion 
of nicotinamide by one bacterial strain will inhibit the Riwth of other strains."' 
llowevei'. in studies with embr.vonated ejrjrs, nicotinamide <lid not prevent hnc- 
terial interference.'- Bnetcrial interference reciuirwl infection with viable 
(.ijranisms. ami s-n»e «»f the interferriiii,' strains inhibited prowth of the 
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h'.mquisilio,! of Hhii,h!ilmmri hfl «"rnVr» I'M 

„f HlHil. Hltrat f tl». fluul in whiH, th. pr.,te«.t.v.. st.«.. > •"^S'"*" ^,,^ 

K ntl.0.- studios <,f llK. n....l.nniH.nH hy wlnH. baHH-al .ntrrforonco oo. 
i„ vhro. in cxpo,inH.nl«l ani.nnls. and in nn.sal carriers «ho«M l>o n«P».in"t 
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